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1020030019201 ^^ <^x}: 2003/8/18 

[AH f|g] ^6|gS!AH 

[ 4^*11 mm is 

[fllSa»] 2003.03.27 

S- D\&9\ s<y AI^^J §J 3 xH^ s# gjs 

[ St S 21 CHANNEL COMPENSAT I ON METHOD AND W I RELESS COMMUN I CAT I ON 

SYSTEM IN THE ORTHOGONAL FREQUENCY DIVISION 
MULTIPLEXING SYSTEM ON THE FREQUENCY-SELECTIVE FADING 
CHANNEL 

[SSiei] 

IiS!e!3E] 4-2003-0 1 1 269-3 

[□£iei] 

[33] ^OI^©IS&i 
[CH£|oj3H] 9-2001-100003-6 

[SSflgje^BS] 2003-019052-7 

[39] 

[i3^3E] 4-2003-0 1 1 269-3 

[^Xl] XII42£2J ^3 Oil 2|& SSI, ^61S XII 60i°j ^§ 

Oil 21 & SS!£!A|- M S?BLia. PI£|oi 
^Ol^^goj (oj) 

[4»4*S] 

[j\^mm&] 20 a 29,000 a 

[3f4l*aS] 24 S 24,000 & 

[*?d3^SS] 0 a 0 Si 

[£JAHJ;?^] 20 U" 749,000 Si 

[&3I] 802,000 Si 

[^0A[^] 3H£i (70%aS) 

[^S^ 4=4^1 240,600 Si 

[U¥AH#] 1. fiSf/H- g/d|/H(EB)_1S 
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^.A] Al^Efl ^ ^ J±# «J-^ofl 2J-*1 ^o]cf. 

^13^ N-point IDFPr-i- S.^>£^- tM3*H ^^L*r *}t= °1^1± ^3L<>11 tfl*fl n L 
«^ cdo]Al *l^6\) ^^(IDFT)^: ^flfM}. ^3., DFPf(160) ^ 

^13 N-point DFT-t-^}- *fl\t ofl^r/iL*Pf , ^ (Channel Estimation and 

Interpolation) ^ *fl2 N-point DFT^# i^>£^- ^*r°l ^#-2-5.^ ^5)^ 
*\$L°]} cfl*|] ^ ojAV ^^ofl ^^(DFT)^- ^§4. 

°1« **h<^, *fl^3 ^<>1 ^ ^Hl^ ^ ^ #*fl ^ 

[urns] 

s i 
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^ti^H ^3-*Rr 7l y}^ ^ 

^ zl *fl^ ^ {CHANNEL COMPENSATION METHOD AND WIRELESS COMMUNICATION SYSTEM 

IN THE ORTHOGONAL FREQUENCY DIVISION MULTIPLEXING SYSTEM ON THE FREQUENCY-SELECTIVE 
FADING CHANNEL} 

£ 2^r ^2 ^HH ^ -f-A] Al^EflO^ ^«.*jo] 

S 5^r *ll3 ^a]^o)1 rcj-s. JjLAj Al^eflo] xflw-^o] ^ °. £Alt v 
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2003/8/18 



100 : Jf^i #^1 



110 : 



120 : ^j^-^^ 



130 : IDFT-t- 



132 : *fl2 N-ponit IDFT^f 



131 : *1U N-ponit IDFT-r- 
133 : *fl3 N-ponit IDFT^ 



140 : ^1-^]^ 



150 : ^.^^-^r ^l^/^^-tg^ ^Qtf 



160 : DTF-t- 



161 : *lll N-ponit DFT J 



162 : *fl3 N-ponit DFT-r- 



163 : ^ <^/H^ 



164 : *fl\| J&^f 



165 : A}2 N-ponit DFT-t- 



170 : ^1-2]^ €3r-?- 



180 : 



210 : ^B^ejHj-?- 



<21> 



^> ^ ^^S. 3]]ol^ ^fl^ofl ^tKMultipath fading channel) ^ ^ 
«oM* ^ <£S «<H^ ^ ^^Hr ^ ^(Orthogonal Frequency Division 

Multiplexing, 'OFDM' °l5r f-) « o vai o] oj-g-^cf. 
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<22> n. oflS.^, OFDM «<H4£r -B-^d^l^i^ ADSL-4 VDSL ^l^^ ^-a] ^o.S. *fl^sH 

9X^, nHd°iH^ -2-^-2- ^(Digital Audio Broadcasting) ^ 

^(Digital Video Broadcasting-Terrestrial)^ &^ ^ *ti^£H &i=f. ™ 
o>u|^ ( 2.4GHz^ 5GHz^ ^3KW-LAN)^ IEEE 802. lla^ 

802.16^.5. S^SfS]^ 

<23> n^t-fl, olei*> OFDM «<H]£- -H^r c-ll^El* ^Nl* -f-*fl nfl ; #7] o] 

z^o] sflol 1 ^ ^^(Frequency-selective fading channel^ SL^ 

(modeling)^ Ml, °}z\$t OFDM 7)^3] JfAi J§-a} a]^^ ^e«^ ^ol^ *flv| 

°] ^1 ^ ^(Delay Spread)-2-5. ^tr ?HK Inter-Symbol Interference)* *M 

^1-71 ^tbAS^i, ^-^-(Cyclic-Extension) <L3, ^(Guard 

Interval)* OFDM ^1Jl°11 ^-i-<^ ^4^Hr -§-* 0 l-§-tri=T. 

<24> d *H1 §1 ^^^V^, 7l^S] OFDM «J-*H1 JjLA] ^A] Al^Efl^- c-flolEi ^ ^ 

421 ^*fl ^4 7fl^^ ^ojAj- =e)ofl ^^(IDFT)Sr °1^> 

^r^Hl ^^-^(DFT)# i^Rr^l, o]nfl ( ^J^o S « E ^ + X\Q ^Ajcj-o] o)a> 

*L^6\) 0]^-^H AjJ:^ 4^r^ , 4^ ^3 21] *fl^ ^IJLfe 

^ A}-^ ^ ^EflS. S^Cf. Ol^- -f^ ^^9] *fl^ ^}&^ Aj^-( Pilot 

Symbol)* °]-g-^ ^ ^efls S^3*r sfl^ ^1^4 3H 1 "* ^l^H, <^1^ ^ 
^ ^4 ^ A o V * ^ J±^* ^r^W. ^, 42:^ OFDM ^1^1 ^ 

<?1 (Complex Conjugate)* <£^*H li-#* ^*KrHl, § 

7]^^ ^ <S^°l] *fl\i Jitf y o v tHl «1«B €^ ci ^-^-^ji ^711 sfl^ ji-s- 
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<25> UL&tift, 7)^ *fl^ M.^- #^£r *||^ ^^o] ^-f 

<H1 cflSflA^ JLS^# ®±= »^SL£-^ , °)±r # iL-^KBurst Error) ^^S. 

<26> ^n_V C>u|e} ( o]5ltl *flv| Jitf « 0 V^^ HlH -^"M: ^7>A] 7] ^ , 4| o] ^ ^ 4=- 

<27> tr^, ^ (Single Carrier Communication SystemHH #7l 

^ ^sf^ >id^<8 sflo]^ <^ ^ afl^« o] o]^>c^ 

<28> 4^1, OFDM 7l«>^ -f*l -f-^] Al^EfloflA^ *fl^o| ^\S-o] 7%°. ^#0} 

[it^o] ol^Ljl^} ^ 7l#^ -4*11] 
<29> ^o] Ol^-Jl^ ^ 71^^ 5ZMl^r ol^*V £.*fl^ n^t}7) ^jL^i, 

^r^Hr <Sd^i3 ^fl^H ^-*HRr 2] i2 ^*Hr t^5r 71 ^ ^ a] 

<30> Hi*! , ^ «ti ol^-o) ^ Oj Ei ^ ^£1- ^ £12-^, 
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^*]-*Rr ^r^Hr ^ 7]&Si\ ^ -g-A] Al^Bfl «i n *fl^ °. ^ 

M ^ 4^2^- 7l ^ ^-A] Cff^S 3] *fl%|0. oj-g-^H 

^ ojAj- ^o1a> =^6fl ig^o. ^sH0FDM(0rthogonal Frequency Division 
Multiplexing) 7l«>^ ^2:^ ^ ^f^S *IM^,g- ^sfl ^^Jl, #7l cff^ 

5- *m$] ^1^-4 3>SM: <^l^>7l ^tr ^(Pilot Symbol) 

0FDM(0rthogonal Frequency Division Multiplexing) 7}^$] -tlSlS. ^2:^>^ #7] trir 

3^ Sf^^ ^1" 5flo]^ jjfl^ ^^J. o^Kg. 

-It, ^"71 of*^ Sfl^ ^Aj-^. ol-g-^-Cn) Aj-71 ^Ji ^ ^Ejofl ^flA] 

*fl>13 *l44 iLtf^r ^ , ^.Aj-^ ^ ^ aiEil- ojAj- ^^ofl 

^i^-a- ofdm -ai- ifl^ sg^-^i^ #^*Rr -Hd3-g- i^-W. 

ol-g-^ r-flojEil- ^A]5>^ ^A]cf ^ a o > 7 ] ^AjT^o.^.w.Ei d]o)El» ^Al^Vfe ^Ajcf 
* i^*Rr ^ ^ Al^tflcH] ol<^ ; ^ «-^«-Ei ^Ajs]^ olAl <g-g- 

MQAM(M-ary Quadrature Amplitude Modulation) ^^Hl tcj-sf ^^S. *b 7fl ^aJ-o] ^y^-s. 
^(Mapping^Hr #7] ifljg^ ^Ji ^1^ ^Ei^l c-floltjs ^z^- 
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£€-*Hr 3^-^ ^ *|eH tflsfl *Haj. ^e)ofl «|<&-g- 

^*Rr IDFT^-1- *V 7fl °] A oH-M7ll-) 3L#*Hr *fll IDFT^-; #7} ID¥T^-S.^-B\ 

S. ^71 ^^§1-^ ^E^^; Aj- 7 j *111 ii7l af^ol ^-q-ig Aj- 7 } *fll 

^StM- *=M ^-bH €^r* ^r*8*H OFDM a)^ ^2:^ IDFT^-# 

*H-£ ^7fl OKH-M711-) 5E^-*Hr 7^12 IDFT-T- ; ^71 cf^Tgs. jjflolxg ^ 
A o v * ^1^*1-71 ^tb ^1- OFDM 7}*Y°] ^SLS. i£2:*Rr all 3 IDFT^-; ^ 

^12 IDFT^f^-^-Ei ^a]51^ a]^] II ^Ti-i: ^ ^ ^, 4 v 7l iUL^M ^-<y 

^ ^a. *|e1* ^11 ^IJis. &&-5}°l *i**}^, ^-71 ii ^-?ioi avoi^ 

<33> o)nfl, cfs ^Aloflofl x*_# ^-A] A^EA^ Aj- 7 j ^^Ol ^A]^ 

A o v 7l ^ti ^ ^Ei* OFDM 7laV«l aij^ ^-2^ DFT^-# 3<>1^ *V 

7fl <>1^(-M7ll-) itsf^r *H 1 DFT-T-; ^>7l sj-<|}^ a]^ QFDM 

3. ^13 DFT^-; ^-71 42*1 21-^^ ^1- ^E^l- ol-g-^ Aj- 7 1 cf^^s. 511 ol 

^ Sl#4 ^1^ afl^H- *flv| c^l^/^a.; Aj- 7 | afl^g a]^ ^ ^Aj- 

oil X^E\ Aj-71 4^51 A^ ^ ^E^l ^-sflAl Al^s). ^ ^ £_^f>}^ ^fl ^ ^. 

A 0 V -T-: ^7l A]^ Al^ll- MXNAS. Oj^OlAl oflS. el H^^l ^1 »o V t°S. ^ 

41-8 



1020030019201 #^ 2003/8/18 

7] ^*Rr ^o]Ei^tiJ tL; *^7% 9X1= ^ S-SQ ^ 

*fl^3 &7\W ^ ^2 U-^S. 9H#<y ^, ^"71 ^o^s-ol A] 

5Ll-# cfA] o]a> ^<5}o] OFDM 71^ *[2L3. 42^Kr DFT-^# 

* 7fl olA o V(_ M7l |_) if-sj-^. *fl2 DFT-T-; ^7} ^ £«r*Hr 

H-^H ^ #7i oj^i is. 4-^H #^*Rr 4^ 

1- C] Strife 7 A^r ^^SLS. 

<34> HL*V, ^ S 4^ *r€- ^ y o v ^ ^ , ^r^S. 

°l-8-*H HM^«- ^-Al^ ^ -g-A] X\^^ *fl^ n^6\] °Xo)X\, a^SL # 

^ <fltr *\o]5. ^ «1 ojAj- q3o]a> jz^6\] ^^-o. 0FDM(0rthogonal 

Frequency Division Multiplexing) 7l«V^ *\3L3. ^Str ^, #7] ^IJl-I- 
^IM^ -f-^fl #^Rr ^1; b)^7l cf^^S. ^ls-sf 

ofl«^*V7l ^tr 4^ ^-l-CPilot Symbol) OFDM (Orthogonal Frequency Division 

Multiplexing) #5.3. ^is^ cpf^S. o] xy ^-g- ^-^ # 

Tfl; c)^-7l t^js. ^o]^ -g-sfl ^Ajs]^ s|.^ aj^. 4s^H ^-71 

Cf^^S 3)H^ *fl^ ^l^- ^Aj-o. o^}^ d )Aj-7l 6j|^ jfl^S] ^ 

°l-g-^H ^7) ^ ^jE^ofl o^Kg- ^.Aj-*>fe # 

4 ^ ^TioflA-] *fl\g <£Sfl ^7>£l^ ^--g- ^IJL^ OFDM ^1- Ml 

<35> 0>2floflA^ ^«-*V 5L^# %Vj7 S *M ^ ^Aj^o]] r]]§H ^ 

^ 71^ £-<>HH ^Al^- 7>Al x>7> -g-ol^Tfl AjA]^ - Aj.^^ 
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^M- ^£ 7>*1 <#o]& ^Hfls. ^€ ^ ^.2.^ <^7HH ^ 

^ ^*HH tr^3*l &TTl}. 5L^H ^^>7fl ^*}7l 

^l&fe- ^^tf. iM^^r ^tr £ 

<36> ^. igj-^o] ^Al^oi] tr}-^- ^ ^a] Al^EflcHl cfl^ E i^. %JLS- 

<37> £ 1^ igJ-T^ Tfll ^Al^ofl nf= ^ -f-Aj Al^Efloj x^w ^o] ^ o. 

<38> £ lofl SU^l, ^ *)U ^Al^cfl n|-S. Al^BflQQO)^ 

3 °1 3 ^]<5K I )4 ^#(11)^ r-flolEi ^A]^ 2)-^, ^ 

^^Hr( IF) ^}o] 7l*H^ (Baseband) ^i^^> W. 

<39> n.B\v* zl ^ofl cfl^fl *}*\]is) I )£• ^^(Mapper, 110), 

3]^_tg^ ^«-^-(Serial-to-parallel Converter, 120), IDFT-^(130), 
iLjL^-^r -y-^CParallel-to-serial Converter and Guard Interval Insertion, 140)1- 
3£^-*M, ^r^^(n)^- JeLSl^ *fl7i/3 ^^(Eliminate Guard Interval and 
Serial-to-parallel Converter, 150), DFT^(160), ^ 1-^] H ^^J-^f 
(Parallel-to-serial Converter, 170) ^ ^#-?-( Detector, 180)» ^L^r^r. 

^ ^] -^^-g- 7flAi§>7l o)*V tiJ-oVO.^, ^A]i£( ! )o} 
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IDFPf (130)7]- *fll »13 N-point IDFW131, 132, 133)^r 3L^*>H^- 

^-iL^Ei ^s)^ ^IJL^l tfl*fl ^ ^olAV ^afl ^^4. 

<4i> ZL^Jl, ^^l^:(n)^ DFPf(160) ^1 ^ ^3 N-point DFPf(161, 162)^4 

Vl ^1^/^.^(163), *fl\t (Channel Estimation and Interpolation, 164) 55 *H2 

N-point DFW165)* S^KE^- ^^( I )^-S^-Ei ^Ji a] 

<42> ae^, o]e^> o}-^ j§.x\ a) + ^(100) 2] z}- 7 l^Hf ^ ojf 

< 43 > ^]^( I )<*| (Mapper, 110)^ ^5.^ ^S)^ o]^ ^ji <g 

(Binary Information Sequence)-§: MQAM(M-ary Quadrature Amplitude Modulation : ^52. 

te, 21 Multi-Phase Shift Keying : ^ a <H]) "<H4°fl ^Sr ^#5. 

^^(Mapping)^. 

<44> 3^-^ >£^f (120)^ MQAM ^-ir-i- cflol^s. €**rfe^, °1 

<45> . , 

s/=(*/(0),s/(l),....,s/(tf-l)) 

1] 

<46> <^7l^, sij(k)^ sg5- IS ^fr^ MQAM ^1- 0 H, i^r j^r 4^ -y-t 

M ol^^S.^, s}-^^ Al^- 7fl^ ^ + (Np-l)7fl^ ^ 

j£ ^ aflEiS o]^^l l-^-)ofl^ j^^fl MQAM ^l" lS|£|* ^^«f^ ( N£r *flv^( 



41-11 



10 

1020030019201 #^ 2003/8/18 

<47> ^, £ ^<S] ^Al^oflA^ 7fl ^ aj^. «n E ^ ( N p-i) 7 ]jol ^ ^ 

^Ji ^ ^1, (N P -l)7fl7l- ^1 <5>q-<^ 34^^ ^7} 

<48> 4-8-^-^, IDFT^f (130)^ ^11 ^ *1]2 N-point IDFT^-(131, 132)tt ^ *fll ^ 

7fl2 ^olAV = ^ofl ig^g- -f-sfl ^a. «]^ol MQAM -yi- «]Ei# OFDM -ilJLS. 

m N-point IDFPf(133)^ *fl\t^ 4^*M ^tb ^<&% 

# OFDM fe^^f . 

<49> ol^ ; *fl 2 N-point IDFPf(132)^ #^ ^Sj- *fl3 N-point IDFT^-(133)^1 #3 ^1 

<M °}efl^ [^r^ 2]^- yj-yj- & ^ + cicf. 

<50> 



IDFT( P/ ) 7 = 0 

[ - Si-Ai 2 ] ' I IDFTdDFTCs/ )) 1 < j < N P - 1 



<5i> o^7H, ^ o>2fls] 314 SL^ <r 9X^. 

<52> 

IT^ 3] 

<53> <^7l>H, Pi(P)^ ^-3- N/N G S S}-^ 4^ 

^ a]-M- ^jE^ofl^ sJ-<^ Aj^o) ^(Pilot Spacing)* M-E^-^cf. oH, ^^o.^ ^ 
^3 ^1- ^eH-M 4^ 4]!-^ 4 1 * iL51 ^#4- ^sMl f^.S, P=N/N G 7> ^cf. 
<54> cf^-JLS., ^-^1 ^^r/^-^^r #^(140)^ *ll2 N-point IDFW 132)3 # 

^ -tl31^1 OFDM -yjLS-^Ei S^K Cyclic Extension)*]- 0 } ^ ^-^(Guard 
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Interval)* #7) OFDM -tlJiofl ^7>*V * , ^ <£^-*V jxj-<^^ ^ « 0 V«H 

J±J§L ^7}SJ ^jt ^ «ilEi# 3]^ -tl^S. ^^><^ (Np-l)7fl^ ^E^l- 

^^t!r cf^-, iL5l ^Tjoj ^7^ 4^ 431" ^3* ^^f^ ^^n)- 

^(IF) £^5L 

<55> o^, olei*V 43 7^ Ajjri. ^^Hr ^ -n^sj-^ 

<56> cf^S, ^#(11)^ iLJL^Tl ^Ti/^H-^t £^(150)^ (IF) 
^-^S^M OFDM ^IS^l^i US ^^t-i- aflT^ ^, H t^©! H 

<57> o] * ; M. ^ ^a1<^]o)1 nf^ DFT-^-( 160)^1 *fl3 N-point DFT-^ (162)^r ^ 

5j «i E ^ c-flolE^ ^ spg^ >y-i- w3]Eio] OFDM ^1^1- ^-S^, *m ^1^/^.^(163)^ 
4°^ ^1- ^Els^-Ei Aijrofl 3fl o]^ ^4 3^M: 

<58> afli N-point DFPf(161)^r ^ ol e^ # ^M. ^-S*> 

^, ^ -£^(164)^ sfl^ c^/ji#Jf (163)^-^1 ^a]^ *fl^ cfl^#.g. ol-g-^o^ 

^€ ^ ^H^H Sfl^ ^1^4 ^Aj-^. ^Aj-^cf. 

<59> ^eJJlL, XI 2 N-point DFT(165)fe Sfl^ iL^€ 4*1 

$3r«M ^4 Al^ol ^ ^ofl^o} ^ ^ljr ^7>(Noise Enhancement )7> ^ 

^ ^1: ^1} ^4 ^#3. ^ -^(Averaging Smoothing) $5.^ ^<LS.^ , ^ ^ 
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<eo> *g^-*J^ ^^(170)^ *m iL#^ ^ ^ <fcl5L5. & 

^^-(180)^ 3! tsL 

#^tr4. 

<61> ZlS^ <^7H -g- ^! ^Al^o^ ^ JfA] -f-Al Al^Efl(lOO)^ 7># 

<62> ^3 N-point DFT( 162)1- 4^ ^1- *JeH*1 k^i^fl AU±*fl\4 

<63> [-,^4] 'i(*) = ^(*)AW+//W+W) 0<^iV-l 

<64> ^7^, Hi(k)^ ^4^r #^*8 Sltr ^]JL# ^^1^, Ij(k) 

^ ^KKDoppler Spread)^. *lJMH£*>- #^^1JL(ICI : Interchannel 

Interference), W;(k)^ ^^Hr No^ ^5 7>#*fl4)#-g-(AWGN) ^1 

if ^^ltrtf. ^11 N-point DFT^-(161)1- -S-*fl ^ ^ oj-eflo) 

r/=DFT(y/) 

5] y/ -(y/ (0X^/0) 

<66> O^H, yij^ i«±*l) Sj-^^ M-S-^ jw^j) OFDM ^ ^151 «]Bi# SHt^. 

<67> HB^, *R£ ^^-(164)^ ^ <^/J± ^-(163)51^ A]^4 o^Vofl 

tfltr <^3M: i£a> o r efl^ 6] 4 ^1 ^ (Minimum Mean 

Square Error) ^sj- *fl^* iL^W. 
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<68> 



k{{k) 



\H (k) f +<xl/al + cxf 
6] 

<69> " : 

™^ ^^/i^(163)S^-E^ ^ ^ ^ ^o. o^H, a„ 2 ; 

°* £ OFDM 4!3LS>|- wflXfl ^-o. ^j-o] ig-g.;^ ^ a/i£. A^W. ^Tj- ^ 

714 ^ ^ 



<70> „ 1 r Jv-i 

cr/=l- 



N + 2X(N- n)J 0 (2mf D T s ) | 



^ «M lHr(first kind Bessel function)* ^JLS. *fl\t# ^ ^Jlfe 7> 

-f*l<£ (Gaussian) £lff ^ & , ^^^(AWGN)^l 3 -MS. 

<72> g:^ ^ £1^(164)^ ^1^/^-^(163)5.^- *fl^ <H^M tfl 

tr °fl^&-§: o}gflo] [*r*H 8] 4 ZF(Zero Forcing) ^5* «<H4 *fl^ JsL# 



<73> 

x/(*) = 



r/(k)H/ (k) 



l^n+\ 8] 

<74> *fl^g ^-¥-(164)^ *m ^/Ji^MK 163)3.-^ ^s-ij- tfl 

^ ^1^^* °m ^1) ^(Gain-limited) ^ tfltr ^ H^J-i: ^5. 
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<77> o}^, ^3 N-point DFT-^(163)tt ^7\Q ^ ^ tcj-e}- *fl^ i£#^ ^ 

#7V(Noise Enhancement)* ^1" t 1 -^ ^ *g ^5)- a] £)- . 

<78> o)x\i$ t igj^oj $}l AJaHH Uf^ JfA} ^.AJ A]^Efl(100)^r ^ *fl ^ 

°i-§-*m fl^-a- 5a°i, *im ji-s-¥-ci64)7> 2^ *i- 

* -^sf- ^ ^ -f-*ti ^^4- ^, ^13 N-point DFT^(163)7} Jti^M *m 

vfl2] ^O.^ ^-5-^1^ Al^EflO] ^^^01 Aj^ 7 flAj^- ^ Ojcf. 

<79> ^, £ *0l ^HH 4€- ^ ^ Al^efl( 100 )^ OFDM 7lw>2l *fl 

^HH^ AV^- Ajjr ^7>-)* ^*Rr ^7H^] ^ojAj- ^ejofl ^^.4 ^Lofl <^rfl^ 
tfl-g- ojAV =^6(| ^^g. 3 ^t$^-o_ S *| , SL^ ^ ^Al^lcf. oje^ 

<80> 51 7^ -g- ^Al^oll 4= JjLA] -f-A] Al^Eflo^ 7 flAjs] UlB £.-??-§:■£• £^1^- 
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<81> £ 7<^1 SL^^M 9X^°), £ ^*HH ^ JfA} -g-A] Al^Efl^. 7 ]^^ 

OFDM wl^fl tilH 10-3<H1^ 10dB°l^- 7fl^e|-^^-# ^ ^cf. JEth 

^7>^o] ^ -^-^(Error correcting code)^ *}-§- ^o] £ .g. t^o] ^Ajoflol) o}- 

^ Aj^Efl^- a]^ cfl ^ til(SNR : Signal-to-noise ratio)7|- 30dB<^l >H , 100 

Hz^l ^2Hr7r ^fl^Hr ^ « ^°1H 4bi t/sec/HzS] ^ ^^Hr o] 

*H^Kr ^-f , 20Mbps (J£LJl ^^2f 4^5! ^tr #^£~8: JI^^l 

* ^-r-)^l ^ 5a4. #JL5l, 7] ^a) OFDM -f-^tr S^ofl-H 

2bit/sec/Hz^ ^^Hr o]-g- s^-ofl 10Mbps ^ ^^cf. 

<82> 4Sf^ , ^AHlofl ^ JjLA} ^A) AlAEflA 7 1^0] ^ yj-Alofl til^fl - 

<83> 4^^-, ^sl *1<£ (Processing DelayH ^-g-Sl^r , *fll ^Aj^ofl tcj-e. ~Aj 

(Interleaving) ^ 4 o]e^ ^ «j (De-Inter leaving)^- zfrzj- ^*3*Kr 7l^f«- xi\ ^is}±r 
<84> °}f>\ ^^}^\ *m ^3 *)l2 ifl^l *fl5 ^HHH^ jgcq 

« ^ ^i^S] ^^( I HI "MA^ *H1*1 ^^*f^7> ^C-fl, o}±- 

^ ^^( I HH^] ^ s^o] 4^<cKnHH^ ^ ^rfl^cfl ^ Alofl 

^5)^ ^O] 0>qj7 ( ^AJCJ- ^ ZLSl ^A] mj-^oll i^S]^ ^^14. 
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<85> o]o) ^t}^, 5. 2^r ^fl2 ^Al^ofl JjLA} -f-A] Al^^oj Afl«L^O] 

3E.£°H, £ 3^: £ 2°H £A]^ olE^HJ^ nfls.^ tf)^ ^ 

<86> £ 2 ofl 3EAl^<H S^l. £ ^3 ^2 ^*HH rcj-s ~A} ^-A] Al^(ioo)^ 

I IDFT-¥-(210)# afl^sKiLfe- afll ^Al^sq- ^<H*V 7>^]cf. *r4l#(II 

) DFT^-1- ^lsq^l-ZL^ Tfll ^*H^ f2f 7>^lcf. 

<87> *HB*>7fl -i^^, IDFT-¥-(210)fe- *fll ^ XI 2 N-point IDFW212, 213) A}o]ofl M 

>N7fl^ ofls-s] ^(Buffer )3. ^^^1 ^E] 3^(21 1)# ^ i^>^ , *fll ^ X]2 
N-point IDFW212, 213) *W ^5.3 u]g|4| 44 <M<M-§- ^ 7fl^ IDFT 

<88> o)2\i£ ^2:1- JjL^ -f-A] Al^Bflofl cfl^fl *|^f^, ^ ^A]cf( ! ) 

3 ^ ^(Mapper, 110)S^-E| ^ (Mapping)^ MQAM <$^o] m7fl£] 
^$HHl21~120m)fe MQAM ^^--g- «>o} «J)e1 cflojE^ >£«-^4. 

<89> m7 fl^ IDFT^-S ! N-point IDFT^-(212)S) 4 IDFT^ 

^H^* «>o> <^o1a> ^*}r ^, ZL 44^ #^3M- <e]E^ti 0 i«-(211)^ 

th 

oo> nE^, ^ 2^ -¥-(211)^ m7fl^ IDFT^-S^-El 44 ^5)^ a]^^ 
*fl^3M-§: ollS-e] tflofl ^ aI^V « 0 Vig)o_5. (Writing) 

^^H, *I*H 7fl^(N7fl)^ s)-^ tfl*V ^7) #14^ , X| 2 N-point 



41-18 



1020030019201 #^ <£7\: 2003/8/18 

IIFPH213)fe ^7] #\+ °flsel His] oil cfl«fl ^ "o v ^(Hfe #1)0 £.3. 

^ 71 (Reading) ^\3.^ ^ £]7l *r*cH tfl^: 
^Hl7> £ 3^1 cf. 

<9i> J£ 3^ £ 2*11 <yeisl«J^-o| uflSLsl Blsj] iEAltl- S^olrl-. 

<92> £Al£lol ; <?lEl2l« 0 l^-(211)^ M>H7fl2l DjlS. Si ^Aj£)c>l oj O _ z|- 

tH^ofl 7l 7fl El <H $1- m7 |]o] IDFT-t-S-t-B-I ZJ-Zj- ^^151^ #3 ^ ^fl^ 

^P-S» o]Elsla o l«-(211)fe ^ til^^ 

^HKStt ^(Writing) 4^ ^r^H A]2 N-point IDFT^f 

(213)5. *m ^fl^^-i- ^, 7>7l^-^7fl7V ^ ^fl^^-i-^ f^jAS 

< 93 > ol^ § ^li a^H}^ ^ ^3 ^(Processing Delay)°l ^-§-51^ *}7l 

^. # 7f 71^-4^ 71) 7> A^y. ^fl^^i-^ cfA] wv^ s SH*^^, t=l 

<94> ol^ ) ^2 N-point IDFT^(213)Sl z}- IDFT-^f^ H<H-&*1 ^a. ^fl^^s.^- cfA] ^ 

eH ^^-^1€ &&/2LJL?& #<^( 140)5. ^dtt^, M.S. 7-1}°} ^7} 

<95> ^, -M. ^ 2 ^AHlollA-1^ ^fil ^c^o] ^l-g-Sl^ 7^, xfl^o] 7\ 7 ] ^ # 

7\)7} *flv| oio| t aj OFDM ^]JL<Hl cfl ^fl 42f W-°-5.*l , ^^^^ 
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<96> JEth ^. ^ 2 ^}*\}°\) oj-s t=l^ -f-A] A|ae1o ojofl ^S|^- ^ o] o>q 

-Jl, <M« °]&\ 51 «J ^(211)7} « 0 H^S. ±i7l ^.sKr*] 

HL^ *fl2 N-point IDFT^-(213)7]- ^ «}f 6 S oio^oj^ofl ccfH^ ZL ^o] ^ 
7]- SHr^l, ^, oIe^V ^71 ^ ii 71 ^ ^i=HH rlolE^«J aZ^^ -f-*H 

^iL #*fl*l ^^2) &7\}* #^ 5.^- <2^r <r 9XS- 

<97> o]ei*V *UHi ^cq ^ofl tfl*fl ^^*>^, sl ^-(211)7} ^£1^ *\ 

H ^lS5l WW] cfl^ IJ-^S. ^7l ^<W3, A2 N-point IDFT 

-^(213)7> cf *\v ^fl^^-g; <g yj-^21- sgs^ « 0 >^)<y ^ 
^3- gl^l-ol^ #«H4. cl^ ova-i ^1^1 ^Sl ii7l -nHH «1^ ^ 

<98> ZLSl^ <*\7)*), ole^ <?]E : lsl« 0 i^-(211) ^ *fl2 N-point IDFT^-(213)£] ^7) ^ ^ 

<99> ^7-1, oj-^ o^^l- 4 ]^1^S1 ^2)-^ 3\)o]x$ 5fl^5. <?1*V 2fl^- -^1 3L 

91 Hj(k)^ ofsfl^ 10]2) . ^-c. 2 ^ ^ ^^(Autoco rrelation)» 

A. 

<100> , 

R^a^ElH^H^ik-a)} 
= *(0,&)2>i« * 

<101> TT • 2 
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^S. *\3L2) sg-g- ^1^, olufl, z| ^s.^ jg^. ^ jg^. ^ 

ol IS. ^fl-S^t}. ol^^ f ^sf^ 7>7l ^ ^7^ 2flol^ ^fl^o) = 

S^-^CDelay Profile)^ °i^4r ^Blul, <#7] R(0,b)^r [^*H1 

11]4 GA. 

<102> 

R(Q,b) = -U N + 2]£(tf -n)J 0 (2x((b - l)Nu(b -l) + bN G + n)f D T, ] 
111 ■ V " =1 j 

<103> ^7H, u fe ^^l^Cunit step) ^» 3*1*}^, n G tt J±J: ^^bg- £H*r4. 

^r^Hr y oH^S ^>7l^^r^l^ ^tfl 5.1-sl ^^Hr (Maximum Doppler frequency), *i 

7fl^}-§: ^1^^^^.(211)31 ^-aj- £ 3^ £ol -fKE^; ^ & 

<104>. atl, *1<3 3H+(Delay Profile)* ^tt ^ofl^^, £ 4 <4 ^o] 

#<y o.S.^ ^ti^H OFDM y o v ^^ ^ir* <2^r4. 

<106> #7l<4 ^-o] ( ^ ^Vrgo] ^ 2 ^Al^cHl nj.^. JjLA} -g-A] Al^^fl^ 1 ^ A] ofl ofl A^ 
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^ aa ^}y\ ^e^^/^^b^^i^- -g-sii ^ ^-a- <^7i£ ^tj. 

<107> o^o]^ igj^oj B>^^ ^Aloflofl cfl^H A <Ml*}4l €■ 

<108> ofl^tfl, 4U N-point IDFT^ A IDFT^ 7fl^ ^ -^S. 

n&l^, 3^ *«H olsq- ^ cflsfl ^V^l -S^s>^ £ 

^. 

<109> £ 5 ^ ^AHH ofs. ^ Al^Eflo] ^oj £Al^- 

, £ 6-^ 41 4 -^aHH rcj-s a^eao) Afla-^o] ^-g- £ 

<110> 5L 5*1) ^Al^H Sl^l, 41 3 ^JAl^ofl CC}-=. JjLA} Jg-A] A^eJ o_ 

IDFT^-(510)« 41 ^JI^ ^11 ^a]^ f^f 7H°1, °1 £1 t]r IDFT^-(510)^ 

412 N-Point IDFT-r-^1 ^(-^ 7fl^-) £ 41 1 N^pont IDFT^-S] 4l^^ji^ 

412 ^a]<^1<4 -g-Q]^ ^3:1- 7>Alcf. zie) Ji ^Aicf(n) <*a1 DFT^-# afl^Sj-ulfe 411 
^ 412 ^aHs}. s-o^^v 7>Alrf. 

<111> olB]*j- 0]=-^ ^- 413 ^A]aflofl ttj-S. ^-Aj Jf-Al Aj^Efl^ ^OjA]- 

sH ^ °1# ^Hl4l ^4^, -f 41^* #<4 

7] ^tb 3-°^, *)-4)§] A|^^ ^ 2 ^a1<^]a^ ^-o] N-point IDFT^-& 
7l ^^^^ (N/2)log 2 N£l 4^ JS.^^^-. 
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<112> o]si o]^, M. «v^o^ ^3 ^ a] ofl ofl 4^ ^ #«a ^ 

SU-£-^, XI 1 IDFT^-(512)« N-point IDFPf tflA}, #7] N^l wl*fl ^ ^ Ni-point IDFT 

^» M7fl a>^Vji oje^v IDFT-T--S] 4 oIe^^^-o.^ , 7)^ OFDM #*H1 tfl 

N=MNi^l^. 

<113> ^^-=1 £ 6°fl ^4 ^Aj^oll JjLA] ^-A] Al^Efl^- 

IDFT-^(610)1- *fl£]o-}ji^ m -^oj^. 7 H^ f o]z]^. iDFT-?-(610)^ 

N-Point IDFT-T-^1 7fl^ ^ afll Ni-pont ^fl2 -^Hls}- 

^tl: ^-g- 7V^lcf. zi^jl ^d^CII) «W DFT-^» X]^^^ *fll ^ *fl2 ^Hl 
s+ f2t 7>^lcf. 

<114> o]^]^ : ojs- ^. a s v^^ ^14 oil ofl ^ ^7.1 ^13 ^ 

*H1^ -S-aH o3o1a> ^ o]a> ^eidi OJAJ.^ 

#<H t ^ ^J^S.7-1, ^Hl^l zl ^-2i±=, Lm7\\B\ Nx-pont IDFT-^ (613) 

^ L7fl^ ^12 N-point IDFT^-(513) ^ ZL aHo} n^o] nfl^ tfj^s. <y&M* 0 l 

^-(6ii)i- i^-ttq-. 

<115> ^ 7 )2}. ^o} t M. ttV^cq AjAlolloU ^Aj ^A] Al^^o. ^ ^1 
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<116> M-vY -g- *^$] ^]d\]6\] H}= «Aj -f-A] Aj^Efl^ ol^*> *J]Vg Jl^Al, 

<117> ^ oflAl^oJ ^O.S^, °}±= ^ 

^ ^# afl^M ifl*H ^>-§-€ 3£r 0 VH^. Zie^S. 71 # ^-o>ol ^Vol X| 
^ 7>^1 ^>Ef^ ol^«-El ^ £ ^--^ ^ ^AH17> 7^^>4^ 

^olcf. rrj-e}^, a. 7^ ^.Jl 3^ ^*\%^f\<£[ y}^ 

<iis> ^ «v^ofl 4= 3)57 ^sj-^ cf^sj. 71a} a) ^ ^-a] Al^efl 5J zi *fl^ iL 

7fl^d^r ^ ^ o^B}, ^ali J= tifl °}^-^\ HI ol El ^ ^§ ^ °XSL 
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[^t 1 * 1] 

^iL 3tr q°)5- *p «i °1# ^°1# ^e)ofl ^^^H 

OFDM (Orthogonal Frequency Division Multiplexing) 7]tLke} ^l^iS. ^Str ^ cf^^S. 
^IM^-I: **ti Si^r^, #7l A^S- #3L3\. d\]^i%7] ^tr 4 

^l-(Pilot Symbol) ^E-l* OFDM (Orthogonal Frequency Division Multiplexing) 7l 

Tiasf Jfl#-g- afl^^, #7l ofl^ Sfl^£) ^1^4 fl#.fr ol-g- 
*M ^-71 ^a]^ ^ «]E^1 ^fl^l ^ifjif <H A cM" j£#tr ^, #71 JiL# 

^?}o\)X] sfl^ i#o.S. <?]^ ^7}5lTr *]J<3Mr OFDM ## ^ ifl5] ^&SL3. 

# ^ ^sj-^ ^ 71«VS1 -f-A] Al^efl. 

[^^* 2] 

^11 %H1 91°]*}, 

#71 

^l-^-^Ei ^a]^^ ol^l ^o. MQAM(M-ary Quadrature Amplitude 

Modulation) y o v <^Hl ^sf ^(Symbol )S. (Mapping)^ ^^§-^; 
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#7l Aj^-o. ^ ^ ^j^ol «3]Ei C-flol^S. #^Hr ^^-^1 

#7l ^ iS|eH tflsfl ^o]av ^ejofl i£^-g- ^*g*Hf A]l IDFT-t- ; 

#7l <*o]# ^ofl cfAl ^o]a> ^ofl ^^sH OFDM 71 

i£^Kr ^12 IDFT-t- ; 

#71 Cf^^S Sflolig *fl^O} ^^-g; ^^>7l «J]Eil- 

0FDM 71^-21 Alls. ^S^Rr ^13 IDFT-t-; ^ 

#71 ^12 IDFTt-^t-EI ^A]£l^ Allofl HI AT-ol^J. Aj-71 iLl^Tiol 

#°J€ ^iL ^ ^» 2)£ Alls ^§5^ , #71 J±l A^£ 3X). 

^ wJlEi^ 31 A]1 S t^^l-a} #^Hr t^/iLl^ 

3] 

*fl2 %hi sa^H. 

#71 

#71 ^r#5l^ 3^ 4U>*1H Jii ^?i-a- all 713: #71 ill ^-?J-ol 

7,]} 7^5) A]l^. HflE^ tflolE^ol ^ ^E^ 3)-^ Aj-K. VHlE|S. Zj-Zj- 

J±l^# ^l7l/3i^-^^ tti^Jf; 

#7l ^^L ^ ^Eil- OFDM 71HV51 425}^ afll DFT-t-; 

#7l ^^51 ^« OFDM 7la>5l aiis. ^13 DFT-t- ; 
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A oM 4£€ ^ °l-g-*H A oM ^^s. sffoi^ *H£gj 

*)-gr ^ ^^MH^ j^fe #-§-^3- &-g- ^1" ^ ^ ^^^S ^ 
*fl2 DFPf-; 

#7] *fl2 DFT^-S-^-Ei 4JJl« 31 ^JlS ^^V^ ^1-31^ 

^71 a]l £^ #3*Rr 4^ 

*fl2 5*^, 

^71 ^^M: °l-§-?!: ^± 7]-^ ofls^ ^ oJ-Ai-g. ^ 

^>7l ^Aj-O. J^^.^ Aj- 7l jg^. ^ oflgj = 3} tiVAl^ 0 >2flO] + 

vox- r lsm£M 
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-1- *M^, Hil(k) ±r #7} ofl^a ^4 ^^olui, o v \ o* OFDM 7}*Y 

3# ^ -S-^l Ai^Bfl. 

5] 

#7] ^fl^ Ji^^r, 

#7l ^<Mr ol-g-^. ZFCZero Forcing) -f-S*- « 0 v ^-§- M # 

7l ^1^4 Ji^H, -8-71 ZF ^ ^^8: «>2flSl *r«H}, 

Xf( * ) " |i//W, 

* n^-Hfe ^ ^RJilsL ^ ^ 
6] 

^4 &<H>H, 

#71 « Jitf^Hr, 

^71 <^1^^ $)#4r °l-§-^ ^ltb ^f-Sj- « 0 >^ f-sfl *flv£ 

^ ^<M: ^7] o]S. ^ ^ Ol-Eflo} ^^Al > 

Jim fit) 
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7] 

tf^5L 3flol^ ^-j- °l-g-*H dHEit- ^A]*>^ ^Alcj ^ ^Alc4-o. S « E ^ cfl 

^*Hr ^413-8: JEWfe ^ Ai^efl^i 
^l^-S-^Ei 0]^ ^ ti <g-g- MQAM(M-ary Quadrature Amplitude 

Modulation) ^^Hl *r5f 7fl <^vcq ^^.^ ^ (Mapping)*^ ; 

A o v ?l ^3g-5} x}^ HflE^ofl cfl^fl ^ojAV ^e)o]] IDFT^-# 3 

<H£ *r 7fl °l A oK-M7l)-) *fll IDFT-T-; 

^•71 *fll wj-^o.^ ii7l ^^o] ^14^ ^-71 *fll *8-Q°.S. 2^*j 9X^r 

^r^H OFDM 7ltiVo] Aj^s. ^^>^ IDFT-¥-# ^H-E ^7fl ol^(- M7 fl-) i^- 
Sfrfe ^2 IDFT-T-; 

a^^. ^#-§r <^i^>7i ^tv 4-<a^ a]!- ^Eii- 

0FDM 7ltiV^ ^S^>^ ^13 IDFT-t-; ^ 
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^Ji £^ {lis ^^H, -*7l m ^&°] ^ 

l^tt 8] 

^ ISi^ ^7i/3l^-^l 

A oM ^ J± OFDM 71^ a] 51^ ^-S<5Rr ^<^£ 7fl 

°l^-(-M7fl-) ^1 DFT^; 

A o v 7l sHJ^ OFDM 71^ Alls ^-SSKr ^]3 DFT^f ; 

*fl^ ^1^4 iL^Kr Jitf^; 
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^12 v^sls. <£°]^9l 5-, #7l sHl-Sl 4!JL-i~a- tfA] ojAV ^ 

* t^*H OFDM 7ltiV^ 42^}^ DFT^* 7fl °1#(-M7fl-) ^^>^ 

*fl2 DFT-T- ; 

^Ei^ «- *fl\l3M: o]s.o]^l wJjfH tij- 

#7] *m ^1^1- M>NJ15. nfls.^ ^sjH /fls. «<J-^(-Al?i«J-^-) 
10] 

^7 *J- Hi^r ^8 *M 

#71 ^€ ^Ei^l ^i-a M>Nil5L ol^^l nflS.^ tH^ofl cfl^-Ai 

^(-^7> ^4 2:71 4^^- £*>3 ^^sl-ni , 
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#7l rqolEieni-^, 

#7l SL#^ ^IJLl- MW<L3. ol^o]^] nflo^ ^5joj) c^z}-^ ^(-Al^V « 0 >*j= 

111 

#7l 

M7fl2] Ni-point IDFT^-(-Nife N<fl t>l*fl ^ ^o]^ ) N^MN^-); ^ 

#71 *)U IDFT^-S-^-Bi w>o> av 7 ) ^ 2 IDFT^l ^]JL«- $l7>«^ MxN^S 

#71 

M7flsq Ni-point DFT^-(-Nife N<Hl 3£r , N=MNi°J-); ^ 

#71 *)U DFT-^-^&l ai^I- «}-6> #71 afl2 DFT°fl ^1Jl# ^"H^Kr MxN^S °] 
^l^el ^^]Elel«j^- 

12] 

^17 *J- 3E*r ^18 iMl 
#71 ^1^, 
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LxM7fl^ Ni-point IDFW-N^ m] «l«fl ^ , N=MN I «y -); ^ 

#7l *)]1 IDFT^-S^-Ei h>o> av 7 ] *fl2 IDFT^l <2]7}^ LxMx Nj-2. 

LxM 7fl^ N r point DFW-N^ 1H ^o]^ > n=MNi^-); ^ 

-SM *fll DFT^-S-^-Ei Ajit y>c> -AV7I »12 DFT°fl ^l7>*>^ LxMxNj £.5. 

13] 

a) 3iL W ^Ei# ^ # °1# ^°1# ^^Hl ^«8*H 
OFDM (Orthogonal Frequency Division Multiplexing) ^IJlS. ^S*V #7l ^ 

b) #7l tff^jg. iflo}i3 *fl^£| ofl^^l W ^U^! ^(Pilot 
Symbol) OFDM (Orthogonal Frequency Division Multiplexing) 7l«>5l *\s,3, 

*h #71 ci-^^s *m^r i§-n *i^Hr 

C)#7l ^^S. 5)lol^ ^-g- ^sfl ^A]Sl^ 3}-<^ ^j^- ^jE^# 4^*H #7l 

nf^^S. ^o]^ 5)1^^ o^Kg. <^*}^ ^1; 
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d) #7l 41^ ^1^-4 *!#-§- ol-8-*H #7l ^Ji ^ ia|EH ^ 
sfl^l ^.av^ cj-Til; £ 

e) #7l J±#^ *fl^ ^llf ojAV ^4] #71 ^flW^l ^5^^ 

^ ^ ^?hh *im i.#o.s °in ## ^j^* ofdm -a* ^ ^ 

* S#*Rr ^ Al^4H£) ^ ^ w o >^ 

14] 

>«13 #4| sa<H^i, 

#71 e)^m, 

#71 4l^€ 4^ ^1^4 £{± ^ f-s} #Al o. ol-g-^ a o V 

71 ^ ^34| §*fl*] ^S£\ cq^Kg. ^.Aj.^ 3.3} 

1- 5L^m ^J* ^ ^# Al^EfloflA^ *fl^ J^Aj- «j-Wj 

15] 

*Ql3 #41 5ft°H, 
#71 e)^b, 

#71 41 ^€ *ti^ ^#54 ^#^r ZFCZero Forcing) °l-g-*H # 7 1 

^r#€ 33 SL «)Ei4l ^«)1a] ^1^4 j^v^ ^ 

» i#*Rr ^-i; ^ -^Aj -f-# Al^^oflA^ ^ ^.Aj- yj-Bj 
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[3^* 16] 

*fll3 &°H, 
#7] e)^7j]^, 

A oM efl^ *fl^<3] ^l^JZf ^Kg; o]-H. -s]- ^-fr oj-g-^H 

€^ ^-H ^1^-4- ^-i- ^n}^ ^ 

# i^Rr 53 ^<L3- *}Tr -¥-^d 1-^1 Al^^oflA^ ^ ^ o o v^ 
I^T 1 * 17] 

A oM a) #31^, 

#7] ^fl^^l-^ MxN^-S o] =-ol^l ^s.e) tH3]o)l 

^12 wj-^AS SH^lfe #31 
1- rH 5L^-*Rr f^AS *Rr *1^°1H^ ^ ^ ^ 

[^t 1 * 18] 

*fll7 ^1 &<>H, 
^7] e)#3lTr, 

^*8*Rr #31; ^ 
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1- O] if-^ ^-g: f^jO S ^ JjL^ -f-A] Al^Efl^A^ ^ ^ 

19] 

*fll7 iE^r ^118 %H1 

A oM $3. ^ *fl^& ^ MxN-2-S. ol^^l ofl 

«- i^Rr 3* sf^ ^ Jg-tf Aj^eflo^ ^ ^ « 0 V^ . 
20] 

*fll7 £E^ *U8 

^71 *fll ^ ^7) #31^-, 
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